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Rural toilet systems implementing resource recovery : Available techniques and benefit analysis

SHI Yi-lei, CAO Zhi, ZHOU Lii"

(School of Environment, Tsinghua University, Beijing 100084, China)

Abstract: To provide systematic guidance on resource recovery from domestic wastewater in rural areas, our study reviewed the techniques
of resource—oriented toilet use and conducted a cost—benefit analysis combined with life cycle assessment to reveal the economic and
environmental benefit of toilet systems under seven different scenarios (A : traditional water closed latrine; B;~B;: resource—oriented toilet,
recovery from urine only; Ci~Cj: resource—oriented toilet, recovery from both urine and feces, i.e. black water). The result showed that
scenario Bi~B, were similar to scenario A considering the economic benefit whereas economic net present value of scenario Ci~Cs were
higher than that of scenario A (CNY 7.296 x 10°; CNY 4.965 x 10°; CNY 5.228 x 10°; CNY 2.405 x 10° separately). Moreover, the
environmental benefits of scenario Ci~Cs were higher than those of scenario A considering all studied impact categories except terrestrial
ecotoxicity potential. The conclusion indicates that the toilet system resource recovery in both urine and feces has more economical and
environmental benefits than the toilet system of only recovering resource in urine and the traditional water closed latrine.

Keywords : toilet; black water; resource recovery; cost—benefit analysis; life cycle assessment
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Table 1 Experimental materials and reagents

ZF5 Ttem JHKE Specification FH 3% Application A Source
HiK — HOK BRI IR 5 A THHEIEEI N R F IR 2 Bt
K — 7K R EA I 2 A BRI /N7

AL Vag el JEHY pH JE A, Ca—P 455 R 45 [EESE]

iz Vag el W AST I B I 14 54 280 (NH3=N) [ 241
Rl Bag el AR LR LAY pH [ 24
EERia:l Pag el Hh R R 2R

FA K — Hh R A R F1 1

EN Bag el JH15 pH [ 21
JRETE M 1 — R/ Jingke {14 42 ]
A= ¢ — EuRY 4 A il
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Figure 1 The model(a) and photo show(h) of

water flux testing device

F2 KRBENKFHE
Table 2 Water flux testing conditions
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Table 3 Application scenarios of resource—oriented toilet system

e ok Hk EOKBRIEAE kBRI ftHIER
" E\‘ Water Water  Yellow water Brown water Power
Scenarios . . .
supply drainage  recycling recycling supply
HEA N N x x 1 44
11553 T N N x KHAfE
LR
5B, N N N x H 74
5 Cy N x N N KBHRE
LR
5 C N x J J i )
1F 5% Cs x x N N KFHAE
LR
Hiwc  x x N N HL R

5 TjiH 2R
Number Items Parameters
1 E S S ARER A
2 SRR 1 B85 ¥ K, 250 ml.
3 IR 3 mol -1 NaCl, 250 mL
4 IEB BT BB SE[E FTS 23 7] FO-CTA-8040—
85 IEB BT

5 [FEAREDIE, P 5
6 s = 0.6 L-min™ 4%
7 T R il i 7R 13.5 ¢m X 9.5 cm
8 JoT 0 3 ] ] 60 s

R e N W L /AT
1.2.1 TE5E

FIr i B RIS S5 403 3 firs

15 50 A 58 8T K TE 2K whg e, SR T8 35 7K
& T A RAKSEAT 0], 22 )5 25 PR 15 K i A G 2E
b, 2 T 3 Ao T BCHE KA o HE 2 AR rh s ok b 3
A7 AL B 515 5% B 75020 B s Iml W B ol B R 48, R T s
U553 B AE 2%, R H R IK K E 3% (Forward osmosis,
FO)-J2 3 1% (Reverse osmosis, RO) £ 3¢ A5 iy 15 19
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BT IR 22 B3O 5 11 ] B AIL A 7R 2% -
3 %5 53 T (Cost—benefit analysis, CBA)E 28 5 14 1t
HER LT k. 9 2025 20 B vh il 22
I e A% ST R T RS A AR & L i R 5y
B e B e 5 S S PR 0, [T ] 422 2 P
1) 3288 s A MR A g N FRAL , LA R A [ R ik 25
() AR B 4 T o A 500 H A 2 55 1 A 2 -3 ER o A
25515 PE (Economic net present value , ENPV) AJ
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LCA) K73 Hr BT I A0l B 7 IS O PRIRE R4 i o LCA 72
—FITH 7 b (B 55 ) A i SR 3 A RS 520 4 5 %
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FEEIR A PR E e 28 54T - A A RRE 26 A BT T
FE 7 % (Abiotic depletion potential—fossil, ADP—f) \ JT
RAAEA YT RIHFEIE#(Abiotic depletion potential—
elements, ADP—e) | i 1t 1% # (Acidification potential,
AP) B B IR (Eutrophication potential , EP) IR
IR K Az HE 25 B 1 W B (Freshwater aquatic ecotoxicity
potential , FAETP) 100452 BRAFIEEF(Global warming
potential, GWP100) . A 2 & 1 ¥ #* (Human toxicity
potential , HTP) /KA AE R BEMEEHE (Marine aquatic
ecotoxicity potential, MAETP) | 548 )Z B IR # (Ozone
layer depletion potential, ODP) | YAk 2 # it A= il 75 #
(Photochemical oxidation potential, PCOP) | 438/ 2575
P (Terrestrial ecotoxicity potential, TETP) , £ 2837
BERZMYE T CML-TA i 1o,

2 #ER51TR

2.1 FiRWMER R Gti% T
FEPRGTIRALSAAIAE BEXS AR IR ZE PRI A7 |

s & AR TR A B X 51, E i nl oy oy =25 . O
K BRI B 75 /0 i K ) PR @A K, BIAS 157 bR
W ZEAE 5K BRI, RIZEAE | FRIBCFN 7K TR A
Yo o EOKM A B SR E IR TS R TR
KRR T B i A MO B K R R A
B H bR 32 2R K RSO B VB K SR, X
WK R BRI AL A R E AR SR RS A PR T8

7 B 7K 5T A 1 e B 21 R e A i B R
X PRI T B SR 4, 2 S A L S 2
pift 22 2R I8 S8 5 A S B A 1 I, A O ) W U
T NI B ENEE5 % NN A€ % NN R (= =25 N
R A DU A SRR B 5 1 L 4.

HE KRR K G AL ) T 2 SR R B R AR L L
SEANIE T2 KM AR S50 AR A A7 (R A AR S
fETCE AL e A A R, [T A TR A A B A
B TR RIS ALY AR, 32 B AR AR L AR HE AR
PRAHAL  TARAEBe4E . £ 5845 T HAlH WA K
FBAKGEIRA AL A XA 1 LA 2875 3kt T
TR SRR L B A S AR SR AT T A
FEA T H T ARAAAER ]

FEIC T 0 2 PRISCHE R B, A R 2 R AL
HOARE M TR R 40, % 6 845 T 2 A KA
AR AL () G RA I I R G

23 P AE (R B 9 A A A 5 43 R T G 5 A o
JIt ZGEIF & BUIR AR b, 25 2 P 673 A A
ISR i A BRI (GB/T 17217—1998) 54040 F L 454
2 R8T A5 T3 PR B R A AR 8 AR A RO T i
4 fb [ e | 1E 9838 B [DSOK S8 B K SR IRAL AR R 7
L. EMBARBIERAI S L ME 2R, g5 8%
B« A B K SR FE v 2% 2R 48 0T LA S AR (CRURE
MR AN 1T Rl s s K g 0 R [
W43 AT 3k 97.43% .99.44% . 31.95% 5 5 35 1) I 1
[ A 75 8 7K HP 2l R0 B R A, X 3R 2647 1 000
min Ji7 , 25 K F 2 AR A 1 400 mg - L7 K £ 50

R4 BAKRBRUEAREE

Table 4 Summary of resource recovery techniques of yellow water

Z551] Category JiR 3 Basic principles

J71: Approaches

FAELEFZ N 2 G B AL~ P S0 BRI A R AT 9 D il 0 P B GAMRIBL GEAR B21 FEZEs
BT AR A 45 it S A PRI el LA T 2 2 R AT A T [ i WRRREEBESS  HRIRBE AN 45 RILE K 2
CIRIRES ¥ TR FH BRI 5 A R 8 A RE A R R ] 5 HL L DA TS L TRAE PR I R H S S )
U T IR K S R o A
JRA IR A PRI T8 SR P BT e SRV A sl s alifl, LIARAS BB B NS AR BT 8 5ii SR8 g s
TR RE S AlRE W BT AL
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Table 5 Summary of resource recovery techniques of brown water and black water

HoA A e PEREIMUICR B tetei
. . . aste reduction Resource recovery . ..
Techniques Technical maturity Cost Operation condition Problems
performance performance
HEne A B A RLUIE ik <100 °C,HH  ZIFEEI R, FERHR
IRE A A B 7 AL {LiS <100 °C,IR%A ZIFGEI R, FERHR
TSk 9L i i B 600~800 C, 7 H  JEURLAS I HEXELLS 3
I ALK A LIy Bl J I K [ >374 °C,21.8 MPa it 1o L 020 PR A 1
BERR K H B by 7 RE L e il 37 LK Ak 2 e i, 7 AR A
Ak FAmAL By s 7 K S [ oy i e S5 0% e IR
il AL AR B Bl 77 R B WL T it BRI
xo FRUNETRFELE
Table 6 Summary of resource—oriented toilet systems
K Items § 45 Features GERAL ™ fih Products BZAE Technical maturity
TEFR K g Bip R JHTUA BE+MBR HAR 22 B 75 444y, 38 T Bk R0 T /K X TE I K 7 it A S (TRLY )
Bahifbatis R RS SRR R BUK RS & Tz TAE B % R RIX RTS8 N TR S AIAL(TRLS)
ARK
AR fIr SR FATE K e 75 2, 2R EAT SR FIATTR , [ PR B2 SR U 1 J8 T T [l FH K JERIHL(TRLS)
FRBE , MR 2 B K AL
Wi B A ] i FEIRGIRST B AEAR 53 BUSCER R IR AR R i Ab 34, 2 J5 22 T I | K JRAIHL(TRLA)
NS i P AR R iR A 3 ] 2 D) S R i K LA A
HTClean iR ALFLH B T HEMETE 2.5 MPa FE38 R INEAE] 160 CJ5 TE /N 38 F R 157K MERGACERIS JEAIHL(TRLG)
1400 127
< 1200 A
- -
\% 1000 \2
= g
2 600 =
E 400 £
z =
® 200 1
i ]
0 ' ' ' 2 0 - | - - -
0 500 1 000 1500 2 000 0 50 100 150 200 250
5 [8] Time/min 5} 8] Time/min

3

B '

Heth A R ) BRI R AR A (R SE) YRAR T B S [B1 ik
2 £FREE MR R EHIBITHR

Figure 2 The performance of the resource—oriented toilet system
mg- L5 2] 3 mol - L NaClVE A A IRIBURINT , 4 b A7 45— 1E 8 15 B A T A3 280t o K A7 5%

HELLIATTIEB B Kl 35 3.58 Loh ' -m 2, K T AL B,
] 3k 74.67% ., LA b 45 B, 5 /Wi -1 2 ), 2 e 5% AR B i /K e WAL £
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ARFEE R R ARG, Bt T 2B AL I i XA BT el R g iy 22 48, LI 3.
T AR GE, N T A AR A L DR BETEATAR] 2.2 BRI AT R ZL a5 4
FREAIK Fp A R A e B IR , A AR A FHARGE) B  -RG R K 7 R ENPV
WA TFRG KA LR LR, RN TEATAN  ZRINE 4R,

HA R R/ 7 -
SRR — —'%“{F)”E
o)

L  wmk
B

— RSN AR

HK Wi CRUBIL) &R

IEES
YIRS ¢ ‘

JoF AR |
PRAEFERT
ok . VAR
SRR SR (A bi
MR - SRS
B3 £ 3RE YR AT RS E
Figure 3 Diagram of the resource—oriented toilet system
xR ERGHER-MERER(FT)
Table 7 Cosl—benefit analysis results of the different toilet systems (10" yuan)
it H 3 A #5% By 55 Bs 15 Cy 55 Ca i35 Cs 17357 Ca
Items Scenario A Scenario B, Scenario B> Scenario C; Scenario C» Scenario Cs Scenario Cs
o N etk 9.74 13.34 13.34 15.34 15.34 16.54 16.54
DA R BB B 1.56 4.31 4.31 3.97 3.97 3.90 3.90
AL AL IR A 0 15.26 14.35 16.09 15.17 16.50 15.17
AEFEAK S5 K Ab B 3.31 1.88 1.88 0.03 0.03 0 0
HEFEHL 0 0 0.68 0 0.69 0 0.10
KRR 0.64 0.04 0.04 0.04 0.04 0 0
TR AL it A 16.60 11.11 11.11 0 0 0 0
EBATYEP 2.40 3.36 3.32 4.56 4.52 6.38 6.32
EFEM 0 0.13 0.13 0.13 0.13 0.13 0.13
AEATIH 0.54 1.56 1.52 1.68 1.64 1.76 1.69
[ 5 W5 7 HR AL 0.57 1.65 1.60 1.77 1.72 1.85 1.78
AP R 0 0.15 0.15 0.15 0.15 0.15 0.15
AEpmrhk 0 0.01 0.01 0.01 0.01 0.01 0.01
AEFEA 0 0 0 2.66 2.66 2.66 2.66
AEFETEAE 0 0 0 0.48 0.48 0.48 0.48
AR R A RS 0 0 0 0.02 0.02 0.02 0.02
AR R AL 0 2.18 -1.13 5.17 3.31 5.07 2.93
AEAT KA AR 0 0.57 0.57 0.57 0.57 0.57 0.57
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—_140 L A 5 Ca

B4 &N REHEFHE
Figure 4 The ENPV of different toilet systems

H &1 4 ] RS BT AT I BT R G2 ENPV B/
0, {F1E 5% By I 5 B 5 58 88 T /K8 K i =8 B R 42
A GFRL RS AT, T 5 Co~Ca FURIEE AL T 52 T
AR 7K = i, ENPV AE X 5 A 19 ENPV 43 31
L T 72.96.49.65.52.28 .24.05 Ji JC , B4 i 43 5 K
81.74% .55.62% .58.57% .26.94% . %} &R k4T T
EAb R AL B I I 2R 48 (1 = Ci~Ca) B3R 3L
i 0 O PR R R AT 9% Y Ak Ak B ) o ot 2R e (1
Bi~B.) , X F I KA1 5t Bi~Bo X KA T R Ak
Ab T TR T P 1 A R K RN K 1 A B AR 3 g T
IR AL IRAT 0 7= b R B 2 B M AR . i TR BH
A F b 1T DL e b R v AR [ RO i T 2R 5 ) 48
25 S BOIT TS B B T 37.46 10, 1B B
CoAIRT T 5 G305 T 23.31 106, 16 5 A 1%
s Co 2R 1 28.23 50, 3xX FEHLIE PR O o BH 8 Ha vt AR
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